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’ '“NATIONAII“ADVI‘SORY"comITIEE FOR AERONAUTICS

RESEARCH MEMORANDUM
for the

Air Materiel Command, U. S. Air Force

LOW-LIFT DRAG AND DUCT PRESSURE RECOVERY OF A Eéégu-SCALE

MODEL OF THE CONSOLIDATED VULTEE XF-92 AIRPLANE
AT MACH NUMBERS FROM 0.7 TO 1.4
By Grady L. Mitcham, Joseph E. Stevens, Norman L. Crabill,
and Arthur H. Hinners, Jr.

SUMMARY.

A flight investigation has been made to determine the external

drag and pressure recovery of a L __scale flight model of the

8.25
Consolidated Vultee XF-92 from Mach numbers 0.7 to 1.4 and Reynolds

numbers from 8.5 x 100 to 19.2 x 108 at or near zero lift.

Relative mass flow, average pressure recovery, total drag, internal
drag, and external drag are presented as functions of Mach nuMber.

Between Mach numbers of 0.90 and 0.975, the external drag of the
configuration (including base drag of the inner body and additive drag)
was about equal to that of a similar model with a faired nose and no
mass flow; however, at supersonic speeds the drag coefficient for the
faired-nose model remained relatively constant whereas the drag coeffi-
cient for the ducted model continued to increase sharply. The internal
drag coefficient of the duct was roughly constant at 0.013 up to a Mach

" humber of 1.20; after which it decreased-to-0.0075 at-a Mach number

of 1.4. The over-all pressure recovery of the inlet and duct varied
from 94 percent at a Mach number of 0.7 to about 91 percent at a Mach
number of 1.4 at a relative-mass-flow ratio of about 0.30. The losses
in pressure recovery were believed to be caused by the possible occur-
rence of separation of flow from the inner body and by an aerodynamically
unclean internal configuration which did not duplicate the form proposed
for the original XF-92 airplane.
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INTRODUCTION

At the request of the Air Materiel Command, U. S. Air Force, flight

tests of modified 8125-scale rocket-powered models of the Consolidated

Vultee XF-92 airplane have been executed to evaluate the drag and long-
itudinal stability and control characteristics at transonic and low-
supersonic speeds. The models tested previously were modifications of
the XF-92 in that the nose was a faired body of revolution which
completely closed the duct. Results from three of these tests have been
presented in reference 1.

An vnmodified model with an external-compression nose inlet of the
type and form proposed for the XF-92 airplane was then tested at the
request of the contractor. The present investigation is only of second-
ary interest as regards to the over-all XF-92 rocket~-model program, its
primary purpose being to present information on the original-inlet
configuration. Although this inlet was apparently designed for high-
supersonic speeds, this test was made to determine its transonic and-
low-supersonic external drag and pressure recovery because of the
interest in its performance under off-design conditions.

A choking constriction was used to produce a quantity of air flow
which would approximate that of a turbojet or ram-jet-powered model
wherein the back pressure is produced with a flame front and burner.

In the proposed XF-92, the inner body ends at a point just behind the
wing trailing edge; in the model tested, it was extended to the exit to
provide instrumentation space. Since the internal configuration of this
model was not aerodynamically clean and did not duplicate that of the
proposed airplane, the determination of pressure recovery was of second-
ary interest. ‘ ’

The investigation was conducted by the Pilotless Aircraft Research
Division (at its testing station at Wallops Island, Va.).

Ground tests were conducted in the preflight jet described in .
reference 2 at Mach numbers of 0.7l and 1.4 to select the locations of
a limited number of survey tubes to be used in the flight test to deter-

- mine mass flow and pressure recovery. The results of the subsonic test

were expected to be applicable over a fairly large Mach number range
since the duct Mach number was expected to be approximately a constant.

The flight-test data were obtained during unpowered coasting flight
as the model decelerated through the Mach number range between 1.4 and
0.7 at approximately zero lift. The relative-magss-flow ratio was
nearly constant at 0.30.
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SYMBOLS

duct cross-sectional area, square feet

longitudinal accelerbmeter feading, positive forward along
the longitudinal axis

normal accelerometer reading,vPOSitive toward the top of the
-model o ‘

wing mean serodynamic chord, feet

coefficient of drag (?rag/ﬁfs>

rate of change of 1ift coefficient with angle of attack, per
degree .

total-pressure-tube reading, pounds per square foot

Mach number

mass flowg slugs per second

mass of air flowing through a stream tube of area (0.390
s8q ft) equal to the inlet-cowl area under free-stream

conditions

static pressure, pounds per sqnare foot

' dynamic pressure, pbunds’per square foot

gas constant, 1715 foot-pounds per slug-degree Rankine
radial distance from center line of model, -feet .

total wing area of model (including portion within fuselage),
6.25 square feet

téﬁiéfétﬁfé;‘éégfeééURankine

velocity, feet per second

weight of model, 160.1 pounds

aﬁgle of attack, degrees
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Y specific-heat ratio (value taken as 1.L40)

ec . angle between inlet axis and surface of cone, degrees (see
fig. 3) :

61 : cowling-position parameter, angle between axis of inlet and

straight line that connects vertex of cone with 1ip of
cowling, degrees (see fig. 3)

vu ‘ viscosity of air, slugs per foot per seéond
- p mass density of air, slugs per cubic foot
E . . ,
g P angular location of survey tubes in duct, measured from

vertical center line of model, degrees (fig. 8)

ORI,

N Subscripté:
av. . average
c cowl entrance
ex exit |
ext external
f : free-stféam
FT ~ flight test - S
5 GT ground test ”
:? FLF i. o inngf‘v
:; int inﬁernél
ﬁ L local
flﬂ.. o . outer
iik 8 stagnation
. T total
fi : _h7 . station %7, thé plaﬁe Qf gufvey
| ks
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MODEL AND APPARATUS

Model.- A three-view drawing of the model used in the present
investigation is shown in figure 1. The physical characteristics and
weight and balance data sre presented in table I. Figure 1 indicates
the contour of the inner body, and the section views on the same figure
‘show the division of the annular duct by islands supporting the inner

" body. The islands consisted of the wing and fin roots and a simulated

nose-wheel-well fairing in the lower duct. A cutaway drawing of the
model is shown in figure 2. o

The external-compression nose inlet had a cone angle 6, of 250

and a cowling-lip angle 6; of 32°, A conical shock from the point of

the cone would intersect the cowling lip at a free-stream Mach number

of 3.8. Coordinates and a cross-sectional view of the inlet are given
in figure 3. -A plot of the duct cross-sectional area from the cowling
lip to the exit is shown in figure 4. The ratio of annular-inlet area
to maximum fuselage cross-sectional ares is 0.317. The structural
islands supporting the inner body, instrumentation hatch covers, sheet-
metal Joints, and protruding bolt and rivet heads inside the duct
produced an aerodynamically unclean internal configuration. The choking
constriction (fig. 1) at station 50 was constructed of 35 machine screws,
equally spaced around the annular duct, and fitted with sleeves to pro-
duce the desired choking area. Photographs of the model are shown as
figures 5 and 6. The control surfaces that appear in figure 5 were held
fixed at 0° deflection throughout the flight.

"The model was boosted to M = 1.5 by a solid-fuel, 6-inch-diameter
Deacon rocket motor which produces an average thrust of 6500 pounds for
approximately 3.1 seconds.

Launchlng was accomplished from a zero length launcher as shown
in figure 7. The booster was attached to the model with a piston and-
cylinder unit containing a small powder charge. At cessation of booster
thrust, the charge was ignited and the expanding gases forced the model
and booster to separate.

Ground-test apparatus.- Ground tests were made in the preflight

free Jet, described in reference 2, at Wallops Island, Va. The tests.
. were made with a 27-inch subsonic nozzle and a 1l2-inch nozzle designed

to produce a Mach number of 1l.4. In these tests, free-stream stagnation
temperature was obtained by thermocouples and was recorded by an

:‘ oscillograph. Air heaters permitted control of temperature during the

tests and the air was dried prior to the test.
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Within the model, 23 total-pressure tubes and T static-pressure
orifices were utilized to survey one-half the duct. Figure 8 shows a
cross section of the duct at station 47 and indicates the locations at
which total- and static-pressure measurements were taken. Three addi-
tional static orifices (@ = 0°, 909, and 180°) were located at
station 57.83 (fig. 9) near the duct exit. All duct pressures and free-
stream total pressure were measured by optical—recording six~-cell

" ‘manometers.

A photograph of the model mounted before the Mach number 1.4 nozzle
in the preflight Jet is shown as figure 10.

Flight-test apparatus.- The telemetered fllght data consisted of
8 pressure measurements at station 47 (5 total pressures and 3 static
pressures), 3 static-pressure measurements at the duct exit, total
pressure measured on the total-pressure tube under the model (fig. 1),
normal acceleration, and longitudinal acceleration for a totdl of 14 -
channels of information. Ground equipment consisting of the Doppler
radar and the radar tracking unit was used to determine free-stream
velocity and position in space. Free-stream temperature and static
pressure were obtained from a radiosonde released immediately after the
model flight.

GROUND TESTS

Radial total-pressure-recovery profiles obtained from the ground

tests at M = 0.71 are given in figure 11 for the rakes located
at ¢ = 09, 459, 90° and 135 The local total-pressure recoveries were
determined as the ratio of measured total pressure to free-stream total
pressure. The radial total—pressure-recovery profiles were integrated
to give the average radial-pressure recovery at that radius. The
variation of this average radial-total-pressure recovery with 9 at

= 0.71 1is shown in-figure'lQ. -

The test for M = 1.4 was made in a 12-inch free Jet. 'The entrance
of the model proved to be £00 large for this jet at the mass-flow ratio
of the test, and the resulting oblique shock - Jet-boundary interaction

.- produced flowlconditions-at~the model-entrance which did not duplicate

the free-stream conditions. - This test did show, however, that, in spite

of the increased disturbances of the flow at the model entrance, the

general shape of the mass flow and pressure-recovery profiles were not
different from the subsonic-test profiles. It was assumed, therefore,
that the results of the teast at M = 0.71 were adequate to select

the flight-test pressure tubes and to calculate flight-test mass flow
and pressure recovery.




NACA RM SL51E23 . S T

The flight-test tubes, 1nd1cated in figures 8 and 12, were selected
to give a representative total pressure which would require only & small
correction factor to give the average total pressure as explained in
the section, "BASIS OF ANALYSIS."

BASIS OF ANALYSIS
Ground testé.- Mass flow was computed from the equation

o L2 xﬂroPM 1 +0.24° r ar d
T, o L/r. L', SAMp - r dr de
1

where ML is found from the local values of static pressure and total

pressure.

. The inner integral was determined for each of the rakes contalnlng
four total-pressure tubes located at ¢ = 0%, 45°, 90°, and 135°. Then
by assuming appropriste profiles, this integral was determined for the
31ngle total-pressure tubes located at o = 4.8°, 9.6°, 75.5°, 82.8°,
158.8°, 169.6°, and 180°. The flow was assumed to be symmetrical in
both ducts, and the total mass flow was assumed to be twice the mass
flow obtained from the integration.

Relative mass flow was computed from

A

v A
o e VA

where A, = % (diameter_cowi)2

The average Mach number of the complete duct was determined by
solving the equation

B e R
(47 O > \/7 MurPur_
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for M the average Mach‘number at station b47. Thén, pressure recovery

| (ﬁh7>av‘_ Pu7 1

—H—_——E_)——ﬁ-i:
f_<Hh7

where (?_) is obtained from tables as functions of M.
- \H/ y7 ’ o

7’

The average total pressure at the survey station, as obtained from
" the tubes subsequently used in the flight test, was computed from

<H4i>‘ = Hh7 (Correction factor)
av avern : :

‘where the correction factor was determined at: M=0.71 from the'grouhd
tests and was assumed to be a constant with M. '

Flight test.- The free-stream‘Mach number was determined from:
(a) The velocity as recorded by the CW Doppler radar set and the free-
gtream temperature taken from the radiosonde measurements (b) The total
pressure H measured on the total-pressure tube underneath the model
(fig. 1) and the free-stream static pressure P as measured by the
radiosonde

For Mf<l Y
B ( _ o r-1 . :
i _ 7 \ '
,P__l+7‘—,l.Mf)- ’ (1)
For. My >1 S b4 .
' (7 +1M2> y-T
H_ 2t (2)

v
-

2y Mf2 _ 7 =1\ 7.1
7 + 1 7y + 1
method (b) was used from M = 1.05 to 0.70 where changes in the basic
pitching moment (reference 1) caused flight-path changes which the

Doppler radar unit could not follow accurately. At M = 1.05, the total

pressure computed from the CW Doppler radar set agreed with the measured
value. : s : ‘
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The flight-test mass flow was assumed to be proportional to the

i o .
uged in the flight test. At each of these total—pressure tubes selected,’

T, : m er ar\ ' ’
oVr ar fi P M r (3)

r :
average ofu/p © pVr dr computed for the five_total—pressure tubes
r o

r .

i aT

where ervdr> represents the ground test value for the rake
GT

containing the tube selected and (DVT)‘ is the ground-test value for

the tube selected. Thenb

; ( L/;Vr dr) - | |
: <fd/LVr df)
GT,

where the numerator is the average of the/ pVr ar for all flight-test

total-pressure tubes and the ‘denominator is the average of the
corresponding tubes in the ground test.

. , Relative mass - flow and pressure recovery were calculated as in
the ground test.

. The internal drag, the summation of the viscous and gage pressure
forces acting in. the duct minus the additive drag, was calculated from

‘VCDVi‘.nt. = Efl_s_ {mh’( (vf - ex) < ex = T > exj] ‘. (5).

The three exit static pressures were averaged to obtain the value of P,

for use in equation (5).

The ex1t Mach: number was ascertained from the equation

) M M
Mexv/l7+ z—:—}M 2. h7Ah7 hqv/ﬁi 47 (6)

2 Tex P

A
ex. ex
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The exit velocity was then determined from this Mach number by
calculating the exit temperature and speed of sound.

The total drag of the model was calculated from

Chm = W/S (%0 sin o - 2% cos « ) (7)
T Qr \ & .8 o

Since the model carried no angle-of-attack indicator, o was
determined from

| w-nuW/s 1 (8)
: g ar Cr,

The accelerations an/g and al/g were obtained from the telemeter

trace. Values for .CL were obtalned from the tests on the modified
% : ) .

XF-92 models mentioned previously (see reference 1). The computed

o angle of attack varied from 0.8° to -0.L4°.
@?‘ The external drag, the component in the drag direction of the
%? viscous and pressure forces acting on the external surfaces of the body
b (including inner-body base drag), plus the additive drag, was determined
A
e from
PRECISION OF DATA
The maximum value of the errors of the more important data is
estimated as follows: o

R R QDTvngtwguP§?399%C»ﬁRSEQﬁy»t;r.;,fdrwf,;u:r; st e s e s . . . . 30.001

_CDT at subsonic speeds . . . . . . . . . 4 4 v 4 e e . . . . . $0.003

: +
HM/Hf......................‘..._..._o.ou
-~/ e e s e 4 s 4 s e e s e s 4 e e s s e e« s e s e e s . #0.03
7T | el
Mach NUmDET . « « & 4 4 4 o v o 4 4 b s e e e e e e e e . . . %0.02
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RESULTS AND DISCUSSION

Reynolds number.- The Reynolds number pVE/u of the flight test is
given as a function of Mach number in figure 13. '

Relative-mass flow.- The variation of relative mass flow with Mach

number is shown in figure 14, No unsteédy flow conditions were detected
in either the ground or flight tests. '

Total-pressure recovery.- The total-pressure recovery at station 47

as obtained from the flight test is presented in figure 15. The pressure
recovery decreased from 94 percent at M = 0.7 to approximately 91 per-
cent at M = 1.4, The Mach number at station 47 was O.L4k.

The total-pressure losses associated with this type of diffuser
should be of small value in this Mach number range. For example,
reference 3 reports a test of a similar-type inlet at M = 1.33 with

Oc = 250, ei = 360, and a relative-mass-flow ratio of 0.5, in which

a pressure recovery of 95 percent was obtained. An aerodynamically
clean diffuser, however, was utilized in the referenced test.

In this test, with a relative-mass-flow ratio of 0.3, separation of
the flow from the central body in the vicinity of the inlet possibly
occurred and resulted in total-pressure losses. This effect did not
show up noticeably in the shape of total-pressiure-recovery profiles
because of the survey-rake distance from the point of separation and
mixing of the flow between these points. Figure U4, the variation of
duct cross-sectional area, shows how the internal-flow area changed
irregularly through the duct because of the wing and fin islands and
the simulated-nose-wheel-well fairings. These area irregularities, the
large amounts of wetted area, and the previously mentioned bolt and
rivet heads, sheet metal joints, and so forth also contributed signif-
icantly to the total-pressure losses.

Drag.- The total drag coefficient of the configuration, presented
in figure 16, is seen to be large at all Mach numbers. The internal

- -drag coefficient-was roughly constant at 0.013 1in-the transonic region

and decreased to 0.0075 at M = 1.4, The external drag coefficient,
which includes base drag over the base of the inner body, 0.196 square
foot, and the additive drag, is compared with the drag coefficient
(including base drag over the same fraction of the entire base area)
obtained from unpublished tests on the faired-nose XF-92 model mentioned
in the introduction. ' The drag rise of both models occurs at

about M = 0.9. Between M = 0.9 and M = 0.975 * the drag coefficients
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for the two models were about the same when the accuracy of the subsonic
drag is considered; however, the drag coefficient for the faired-nose
model reaches a value of 0.034 at M = 1.1 and remains relatively
constant to M = 1.4 whereas the drag coefficient for the ducted model
continues to increase throughout the supersonic-speed range covered

by the test. ' ' C o ,

CONCLUSTONS

1. The external drag coefficient of the configuration (including -
inner-body base drag and additive drag) was about equal to the total "
drag coefficient of a similar model with a faired nose between Mach
numbers of 0.90 and 0.9753 however, the drag coefficient of the ducted
model continued to increase sharply at supersonic speeds whereas the
drag coefficient for the faired-nose model remained relatively constant.

2. The over-all total-pressure recovery of the inlet and duct varied
from spproximately 94 percent at M = 0.7 to 91 percent at M= 1.4 :
at a relative-mass-flow ratio of about 0.30. The low pressure recovery
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was believed to be caused by the aerodynamically unclean internal
configuration and by the possible flow separation from the central body.
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TABLE I
PHYSICAL CHARACTERISTICS AND WEIGHT AND BALANCE DATA OF

8 25 - SCALE MODEL OF THE XF 92 ATRPLANE - .

Wing: o

Area (included), s ft « « v « v &« 4 v v 4 v v o e 0 0 e . 625
SPan, Tt v ¢ v v 4 o 6 i s s e s e e e e e s e e e e e e e s .. 380
Aspect ratio . . . . . e e e e s e e s e s e e e e e e e . 231
Mean aerodynamic chord, ft c e e e e e s e e e e e e e e e .. 2,19
Sweepback of leading edge, deg€ . « -« « « « = + + + + « + + o« « . 60
Dihedral (relative to mean thickness line), deg .. . « + « « . . . O
Taper ratio (Tip chord/Root chord) . . . . . . . . .« .+ .0
Adrfoil section . +« « v v v i e 4 4 e e e e e e . NACA 65(06)AOO6 5

i Vertical tail: ' ,
Area (outside of fuselage), sqg ft . . . . . . . ... . ... 0.8
Height (outside of fuselage), ft « « « « « ¢« + « ¢ « =« o o « « 0.97

° Aspect ratio + & & 4 v 4 4 4 4 e s e e e e e e e s s e e e .. 2.3

Sweepback of leading edge, deg « « « « + « ¢« ¢« « ¢« + « « « « « o 60

Taper ratio (Tip chord/Root chord) . . . . . . . . . .. .0

ALrfoil 8ection .« « o o v o o v o v a o . . . . NACA 65(06)A006 5

Weight and balance: ' ‘ .

Welght, 1D v v v o ¢ o v o o o o o o o o o v o e e o . . . 160.1

Wing loading, 1b/sq FE o e e e e . 25.6

‘ Center-of-gravity position, percent M.A.C. . .« .« . . <« .. 23.7

. Moment of inertia in pitch, slug 12 . . . .. P Y Y
By
5
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nd coordinates. All dimensions are in
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Figure 5.- Three-quarter view of model.
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Location of Survey Points, Station 47
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Figure 8.- Plane of survey station, looking forward.

Location of Exit  Statics, Station 5783
Figure 9.- Location of exit survey, looking forward.
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M= 1.k



NACA RM SL51E23 T T

Local total-pressure recovery, Hy/ Hp
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Figure 11.- Radial distributioh of local total-pressure recovery at
station 47, at M = 0.71, from the ground test.
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